The 1064 nm fundamental output of a Nd:YAG laser (Continuum, Minilite II; 10 Hz repetition rate) was used to evaporate alkaline earth metal atoms from a rotating metal target, which were co-deposited with benzene molecules in excess neon onto a cryogenic CsI window maintained at 4 K by means of a closed-cycle helium refrigerator. Benzene/Ne mixtures were prepared in a stainless steel vacuum line using a standard manometric technique. C 6 H 6 (Sinopharm Chemical Reagwnt Co., Ltd, 99.5%) and isotopic-labeled 13 C 6 H 6 (Cambridge isotope laboratories Inc, 99%) and C 6 D 6 (Cambridge isotope laboratories Inc, 99.5%) samples were used. After 30 min of sample deposition at 4 K, infrared absorption spectrum was recorded in the transmission mode between 4000 and 450 cm -1 using a Bruker Vertex 80V spectrometer at a resolution of 0.5 cm -1 . A liquid nitrogen cooled broad band HgCdTe (MCT) detector was used.
ΔΕ int = ΔE elstat + ΔE Pauli +ΔE disp + ΔE orb (1).
The ΔE elstat term represents the quasiclassical electrostatic interaction between the unperturbed charge distributions of the prepared fragments. The Pauli repulsion ΔE Pauli is the energy change associated with the transformation from the superposition of the unperturbed electron densities of the isolated fragments to the wave function, which properly obeys the Pauli principle through explicit antisymmetrization and renormalization of the product wave function.
The ΔE disp term corresponds to the dispersion interaction involved in between the fragments. The term ΔE orb is originated from the mixing of orbitals, charge transfer and polarization between the isolated fragments.
The combination of EDA with NOCV method allows us to partition the total ΔE orb term into pairwise contributions of the orbital interactions. The electron density deformation Δρ k (r), which is originated from the mixing of the orbital pairs k (r) and -k (r) of the interacting fragments in the complex, represents the amount and the shape of the charge flow due to the orbital interactions (eq. 2), whereas the associated orbital energy term reflects the strength of such orbital interactions (eq. 3).
Therefore, both qualitative (Δρ orb ) and quantitative (ΔE orb ) information of the strength of individual pairs of orbital interactions can be obtained from an EDA-NOCV analysis. For further details on the EDA-NOCV method and its application to the analysis of the chemical bond, some recent reviews are recommended. [10] 1 Y. Zhao, D. G. Truhlar, Theor. Chem. Acc. 2006, 120 , 215-241. 2 a) F. Weigend, R. Ahlrichs, Phys. Chem. Chem. Phys. 2005, 7, 3297; b) F. Weigend, Phys. Chem. Chem. Phys., 2006 , 8, 1057 Gaussian 16 Figure S7 . Shape of the deformation densities Δρ (1)- (7) , which are associated with the orbital interactions ∆E orb(1)- (7) in Ca(Bz) 3 (D 3h , 1 A 1 ′) complex and eigenvalues ν n of the charge flow.The color code of the charge flow is red → blue. The isosurface values are 0.002 for Δρ (1), 0.0005 for Δρ (2)-(6) and 0.0003 for Δρ (7) . Figure S8 . Shape of the deformation densities Δρ (1)- (7) , which are associated with the orbital interactions ∆E orb(1)- (7) in Sr(Bz) 3 (D 3h , 1 A 1 ′) complex and eigenvalues ν n of the charge flow.The color code of the charge flow is red → blue. The isosurface values are 0.002 for Δρ (1), 0.0005 for Δρ (2)-(6) and 0.0003 for Δρ (7) . C-H(D) out-of-plane bend 894.5 (4) 887.1 (5) -7.4 698.6 (1) -195.9
C-H(D) out-of-plane bend 706.6 (33) 704.4 (33) -2.2 518.2 (10) -188.4 Table S3 . The results of EDA-NOCV for M(Bz) 3 (D 3h , 1 A 1 ′) complexes using M (S, ns 0 np 0 (n-1)d 2 ) as one fragment and (Bz) 3 (S) as another fragment at the BP86-D3(BJ)/TZ2P-ZORA//BP86-D3(BJ)/def2-TZVPP level.
Energies
Interaction Ca (S, 4s 0 4p 0 3d 2 ) + (Bz) 3 (S) Sr (S, 5s 0 5p 0 4d 2 ) + (Bz) 3 (S) Ba (S, 6s 0 6p 0 5d 2 ) + -3.5 (1.5%) -4.2 (1.8%) -4.4 (2.8%) [a] The values in parentheses give the percentage contribution to the total attractive interactions ΔE elstat + ΔE orb + ΔE disp [b] The values in parentheses give the percentage contribution to the total orbital interactions ΔE orb . Table S6 . The results of EDA-NOCV for Ba(Bz) 3 (D 3 , 1 A 1 ) complexes using different fragmentation schemes at the BP86-D3(BJ)/TZ2P-ZORA level.
Energies Ba (S, 6s 0 6p 0 5d 2 ) + (Bz) 3 (S) Ba (T, 6s 0 6p 0 5d 2 ) + (Bz) 3 (T) Ba (S, 6s 2 6p 0 5d 0 ) + (Bz) 3 (S, Ex) Ba + (D, 6s 0 6p 0 5d 1 ) + (Bz) 3 -(D)
Ba + (D, 6s 1 6p 0 5d 0 ) + (Bz) 3 -(D, Ex) 
